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cycloalkyl that may be substituted, alkenyl that may be 
substituted, alkinyl that may be substituted, acyl that 
may be subsituted, monoalkylcarbamoyl that may be 
substituted, dialkylcarbamoyl that may be substituted, 
or alkoxycarbonyl that may be substituted, or R 2 and R 3 
taken together represents carbonyl.) 

The pharmaceutical composition of the invention is 
effective for the therapy of nephritis. 
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(wherein R 1 represents OR 11 or NR 11 R 12 . R 11 and R 12 
may be the same or different and each represents 
hydrogen, alkyl that may be substituted, cycloalkyl that 
may be substituted, alkenyl that may be substituted, 
alkinyl that may be substituted, aryl that may be substi- 
tuted, or a heteroaromatic group that may be substi- 
tuted, 

R 2 and R 3 may be the same or different and each 
represents hydrogen, alkyl that may be substituted, 
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Description 



TECHNICAL FIELD 

5 The present invention relates to a hederagenin derivative, its pharmacologically acceptable salt, and a solvate of 

either of said derivative and salt, which are of value as medicines. The compounds according to the present invention 
have inhibitory activity of mesangial cell proliferation and are useful for the treatment of nephritis. 

BACKGROUND TECHNOLOGY 

io 

According to the site of principal lesions, nephritis is classified into glomerulonephritis, interstitial nephritis and 
pyelonephritis, for instance. The most representative of all is glomerulonephritis in which the glomerular tuft is the 
affected site. Today, nephritis is synonymous with glomerulonephritis (Medical Dictionary, 1st ed., 570, 1987). 

Histopathologic^ findings which are most frequently obtained in human glomerulonephritis and considered to be 
is of prognostic importance are mesangial cell proliferation and hyperplasia of the matrix produced by mesangial cells 
(hereinafter referred to as mesangial matrix). These findings are noted in nearly all types of proliferative glomerulone- 
phritis, inclusive of IgA nephropathy, membranous proliferative glomerulonephritis, and lupus nephritis, in common 
(lida: Kindney and Dialysis, 2S. 505-509, 1993). And as the mesangial cell proliferation and associated production of 
mesangial matrix progress, the glomeruli fall into a terminal stage, so call glomerulosclerosis. Therefore, any compound 
20 that inhibits mesangial cell proliferation and production of mesangial matrix is of great value as a therapeutic agent for 
glomerulonephritis. 

Two processes are known for mesangial cell proliferation in glomerulonephritis. In the first process, the comple- 
ment, platelets, and infiltrating cells are involved. Thus, deposition of the immune complexes produced by immunolog- 
ical mechanisms on the glomeruli takes place in situ and activation of the complement and platelets and infiltration of 

25 macrophages and neutrophils then occur. These cells release a variety of growth factors and cytokines to activate the 
mesangial cells and stimulate their proliferation. The second process is a process with which mesangial cells them- 
selves are associated. Thus, it is a process in which activated mesangial cells themselves release a variety of growth 
factors and cytokines and the cells releasing them and the adjacent mesangial cells become activated or proliferate. 
Thus, mesangial ceils are activated and proliferate through a complex system consisting of a plurality of processes. 

30 Therefore, when the treatment of glomerulonephritis is considered, it is inconceivable that the mesangial cell pro- 
liferation can be sufficiently inhibited even if a given stage in first process mentioned above, for example the stage medi- 
ated by the complement and platelets, is inhibited. In fact, it is reported that administration of an antiplatelet drug alone 
is therapeutically little effective for human nephritis in active stage (Dohi et al., Clinics All-round, 38, 865-870. 1989). 
It is known that, among natural substances of the plant origin, there exist compounds having antinephritic activity. 

35 For example, the usefulness of pentacyclic triterpene derivatives in the treatment of nephritis and other diseases is indi- 
cated in Japanese Laid-Open S61 -37749 (an oleanene derivative), Japanese Laid-Open S61 -85344 (an oleanene 
derivative), Japanese Laid-Open H2-73012 (a bryonolic acid derivative), Japanese Laid-Open H4-290846 (a bryonolic 
acid derivative), and Japanese Laid-Open S61-43141 (a lupane derivative). However, there is no disclosure of an 
experimental example demonstrating the utility of such compounds in the treatment of nephritis, nor is there a sugges- 

40 tion that they ever have mesangial cell proliferation inhibitory activity. 

Hederagenin (3p,23-dihydroxyolean-12-en-28-oic acid) according to the present invention is a pentacyclic triter- 
pene derivative available from natural sources such as Sapindus mukorossi. Hedera rhombea . Hedera helix. Fatsia 
japonica, etc. Hederagenin is known to have hypotensive, antispasmodic (Ann. Pharm. Fr., 2&. 555, 1972), hair growth- 
promoting, dermal aging inhibitory (FR 2669225), antinycotic (Ann. Pharm. Fr., §8, 545, 1980), antiinflammatory 

45 (Chem. Pharm. Bull., 28, 1 183, 1980), antitrematoid (Rastit. Resur., 28, 103, 1992), antiulcer, antiallergic (Proc. Asian. 
Symp. Med. Plants Spices, 4th, Meeting Date 1980, Volume 1, 59), anti-suntan (Japanese Laid-Open H1-42411), deo- 
dorant, and hyperhidrosis inhibitory (FR 2541895), and other activities but it is not known that the compound is useful 
for the treatment of nephritis. 

As hederagenin derivatives, the following compounds (1)-(15) are already known but it is not known whether they 

so are of use as medicines for the treatment of nephritis or other diseases. 

(1) 3p-Hydroxy-23(4ct)-acetoxyolean-12-en-28-oic acid (Chem. Pharm. Bull., (1976), 24(6), 1314). 

(2) 3p-Hydroxy-23(4a)-methoxyolean-12-en-28-oicacid (Chem. Pharm. Bull., (1976), 24(5), 1021). 

(3) 3p,23(4a)-diacetoxyolean-12-en-28-oic acid (J. Chem. Soc. Chem. Commun., (1983), (17), 939). 
55 (4) 3p,23(4a)-dibenzoyloxyolean-12-en-28-oic acid (Bull. Soc. Roy. ScL Liege. (1973), 42(5-6), 245). 

(5) 3p,23(4a)-diformyloxyolean-12-en-28-oic acid (CAS, Registry No. = 6055-17-0). 

(6) Methyl 3p,23(4a)-dihydroxyolean-12~en-28-oate (J. Chem. Soc, Chem. Commun., (1981), (21), 1 136). 

(7) Methyl 3p-hydroxy-23(4a)-acetoxyolean-l2-en-28-oate (Phytochemistry, (1984), 23(3), 615). 

(8) Methyl 3p-hydroxy-23(4a)-methoxyolean-12-en-28-oate (Chem. Pharm. Bull.. (1979), 27(10), 2388). 
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(9) Methyl 3p-acetoxy-23(4a)-hydroxyoiean-12-en-28-oate (Tetrahedron, (1993), 49(33), 7193). 

(10) Methyl 3p-benzoyloxy-23(4a)-hydroxyolean-12-en-28-oate (Tetrahedron, (1993), 49(33), 7193). 

(11) Methyl 30-methoxy-23(4a)-hydroxyo!ean-12-en-28-oate (Chem. Pharm. Bull., (1982), 30(9), 3340). 

(12) Methyl 3p,23(4a)-diacetoxyolean-12-en-28-oate (Chem. Pharm. Bull.. (1982), 30(9), 3340). 

(13) Methyl 3p-acetoxy-23(4a)-methoxyolean-12-en-28-oate (Chem. Pharm. Bull., (1972), 20(9), 1935). 

(14) Methyl 3p,23(4a)<libenzoyloxyolean-12-en-28-oate(Bull. Soc. Roy. Sci. Liege, (1973), 42(5-6), 245). 

(15) Methyl 3p,23(4a)-dimethoxyolean-12-en-28-oate (Indian J. Chem., Sect. B. (1990), 29B(5), 425). 

DISCLOSURE OF THE INVENTION 



It is obvious from the foregoing that any compound having mesangial cell growth inhibitory activity can be an excel- 
lent therapeutic agent for nephritis. The inventors of the present invention had been doing a series of investigations in 
search of such compounds. 

As a result, the inventors discovered that a specific class of hederagenin derivatives have high mesangial cell pro- 
is deration inhibitory activity and have perfected the present invention. 

The present invention is directed to a pharmaceutical composition for the therapy of nephritis which comprises a 
hederagenin derivative of the following formula [1] or a pharmacologically acceptable salt thereof, or a solvate of either 
of them, as an active ingredient and to novel compounds. 



^ C0-R 1 




Me CH 2 0"R 3 



35 wherein R 1 represents OR 11 or NR 11 R 12 . R 11 and R 12 may be the same or different and each represents (1) hydrogen, 
(2) alkyl that may be substituted, (3) cycloalkyl that may be substituted, (4) alkenyl that may be substituted, (5) alkinyl 
that may be substituted, (6) aryl that may be substituted, or (7) a heteroaromatic group that may be substituted. 

R 2 and R 3 may be the same or different and each represents (1) hydrogen, (2) alkyl that may be substituted, (3) 
cycloalkyl that may be substituted, (4) alkenyl that may be substituted, (5) alkinyl that may be substituted, (6) acyl that 
40 may be subsituted, (7) monoalkylcarbamoyl that may be substituted, (8) dialkylcarbamoyl that may be substituted, or 
(9) alkoxycarbonyl that may be substituted, or R 2 and R 3 , taken together, represents carbonyl. 

Substituents on R 11 , R 12 , R 2 , and R 3 may be the same or different and are respectively selected from among (1) 
halogen, (2) OR 13 , (3) OCOR 13 , (4) COOR 13 , (5) cyano. (6) NR 13 R 14 , (7) cycloalkyl, (8) aryl that may be substituted by 
halogen, alkyl, hydroxy, or amino, and (9) heteroaromatic groups that may be substituted by halogen, alkyl, hydroxy, or 
45 amino. R 13 and R 14 may be the same or different and each represents (1) hydrogen or (2) alkyl that may be substituted 
by hydroxy, alkoxy, amino, monoalkylamino, or dialkyiamino. 

Among the hederagenin derivatives of formula [I], the compound in which R 1 is hydroxy, R 2 is hydrogen, and R 3 is 
hydrogen is a known naturally-occurring substance called hederagenin, which is distinct in chemical structure from the 
above-mentioned pentacyclic triterpene derivatives claimed to be useful for the treatment of nephritis. For example, 
so whereas olean-12-en-3p,22p,23(4p)-triol, which is described in Japanese Laid-Open S61 -37749, has hydroxy as a sub- 
stituent on 22-position, hydroxy in 23-position, which is p-oriented, and methyl in 28-position, hederagenin is unsubsti- 
tuted in 22-position and has hydroxy in 23-position, which is a-oriented, and carboxyl in 28-position. Thus, there are 
differences in chemical structure. 

While hederagenin was known to possess a variety of physiological actions as mentioned above, it has not been 
55 known that this substance is useful for the treatment of nephritis. 

Among the hederagenin derivatives of formula [I], compounds excluding the following cases (1)-(5) are novel com- 
pounds not heretofore described in the literature. 

(1) R 1 is hydroxy or methoxy R 2 is hydrogen, and R 3 is hydrogen, acetyl, or methyl. 
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(2) R 1 is hydroxy and each of R 2 and R 3 is formyl, acetyl, or benzoyl. 

(3) R 1 is methoxy, R 2 is acetyl, and R 3 is hydrogen, acetyl, or methyl. 

(4) R 1 is methoxy, R 2 is benzoyl, and R 3 is hydrogen or benzoyl. 

(5) R 1 is methoxy, R 2 is methyl, and R 3 is hydrogen or methyl. 

5 

The present invention is characterized by the finding that compounds of formula [I] have mesangial cell proliferation 
inhibitory activity and are useful for the treatment of nephritis. 
The terms used in the present invention are explained below. 

"Alkyl" means a.straight-chain or branched-chain alkyl group of 1-7 carbon atoms, thus including methyl, ethyl, n- 
w propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, n-hexyl, isohexyl, n-heptyl, isoheptyl, etc. 
Particularly preferred are straight-chain groups containing 1-3 carbon atoms, e.g. methyl, ethyl, and n-propyl. 

"CycloalkyT means a cycloalkyl group of 3-7 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, 
cydohexyl, cycloheptyl, etc. 

"AlkenyT means a straight-chain or branched-chain alkenyl group of 2-7 carbon atoms, thus including vinyl, 1-pro- 
15 penyl, isopropenyl, ally!, 1-butenyl, 3-butenyl, 1-pentenyl, 4-perrtenyl, 1-hexenyl, 5-hexenyl t 1-heptenyl, 6-heptenyl, etc. 

"Alkinyr means a straight-chain or branched-chain alkinyl group of 2-7 carbon atoms, such as ethinyl, 1-propinyl, 
2-propinyl, 1-butinyl, 3-butinyl, 1-pentinyl, 4-pentinyl, 1-hexinyl, 5-hexinyI, 1-heptinyl, 6-heptinyl, etc. 

"Aryl" means an aryl group of 6-10 carbon atoms, such as phenyl, 1-naphthyl, 2-naphthyl, etc. 

"Heteroaromatic group" means a 5- or 6-membered aromatic group having 1 -4 hetero-atoms selected from among 
20 nitrogen, oxygen, and sulfur, thus including 1-pyrrolyl, 2-pyrroIyl, 3-pyrrolyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 2- 
oxazolyl. 2-thiazolyl, 1H-1,2,4-triazoi-1-yi, 1H-tetrazol-5-yl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 2- 
pyrazinyl, 1,3 t 5-triazin-2-yl, etc. 

-Halogen" means fluorine, chlorine, bromine, and iodine. 

"Acyl" means "alkylcarbbnyl" and "arylcarbonyl". The alkyl moiety of "alkylcarbonyl" is the alkyl mentioned above. 
The aryl moiety of "arylc^rbonyl" Is the aryl -mentioned above. "Acyl" specif ically includes acetyl, propionyl, butyryl, iso- 
butyryl, benzoyl, 1-naphthoyl, 2-naphthoyi, etc. 

The alkyl moieties of "alkoxy", "alkoxycarbonyl", "monoalkylcarbamoyr, and "dialkylcarbamoyl" may be the same 
or different alkyl groups mentioned hereinbefore. 

Among compounds [1] of the present invention, preferred compounds as therapeutic agents for nephritis belong to 
30 any of the following compound groups (1)-(5). 

(1) Compounds in which R 1 is hydroxy, acyloxyalkoxy, phenylalkoxy, alkoxyalkoxy, hydroxyalkoxy, haloalkoxy, 
di(hydroxyalkyl)aminoalkoxy, (alkoxyalkyl)amino, halogen-substituted phenylamino, (dialkylaminoalkyl)amino, 
[di(hydroxyalkyl)aminoalkyOafr>ino, (carboxyalkyl)amino, (alkoxycarbonylalkyl)amino, (cyanoalkyl)amino, or di- 

35 amino-substituted triazinylalkylamino, R 2 is hydrogen, and R 3 is hydrogen. 

(2) Compounds in which R 1 is hydroxy, (alkoxyalkyl)amino, halogen-substituted phenylamino, (dialkylami- 
noalkyl)amino, [di(hydroxyalkyl)aminoalkyl]amino, (alkoxycarbonylalkyl)amino, or (cyanoalkyl)amino, R 2 is acetoxy, 
and R 3 is acetoxy. 

(3) Compounds in which R 1 is phenylalkoxy, R 2 is hydroxy, (alkoxycarbonylalkyl)carbamoyl, or (alkoxyalkyl)car- 
40 bamoyl, and R 3 is phenylalkyl. 

(4) Compounds in which R 1 is hydroxy, R 2 is (alkoxycarbonylalkyl)carbamoyl or (alkoxyalkyl)carbamoyl, and R 3 is 
hydrogen. 

(5) Compounds in which R 1 is hydroxy or acyloxyalkoxy and R 2 and R 3 taken together represents carbonyl. 

45 Among compounds [1] of the present invention, still more preferred as therapeutic agents for nephritis are com- 
pounds in which R 1 is hydroxy, (alkoxyalkyl)amino, or acyloxyalkoxy, R 2 is hydrogen, and R 3 is hydrogen. 

Particularly preferred as therapeutic agents for nephritis among compounds [1] are compounds wherein R 1 is 
hydroxy, 2-methoxyethylamino, or 2-acetoxyethoxy, R 2 is hydrogen, and R 3 is hydrogen. 
Hederagenin can be obtained typically by the following method. 

so Sapindus mukorossi Gaertn., either as it is, dried, or dried and crushed, is hot-extracted using water, alcohol (e.g. 
methanol, ethanol, isopropyl alcohol, etc.), or aqueous alcohol as a solvent at 50° to 80°C for 1 -4 hours and the extract 
is concentrated under reduced pressure at a temperature not exceeding 60°C to provide an extract. 

To the extract thus obtained is added a 1-5% solution of mineral acid (e.g. hydrochloric acid, sulfuric acid, or nitric 
acid) in alcohol (e.g. methanol, ethanol, isopropyl alcohol, etc.) and the mixture is refluxed for hydrolysis for 1-3 hours. 

55 After the completion of the hydrolysis, the reaction mixture is adjusted to pH 6-7 with alkali (e.g. potassium hydroxide, 
sodium hydroxide, etc.). This alcoholic solution can be purified by adding activated carbon and heating. Hederagenin 
can be obtained by concentrating the alcoholic solution under reduced pressure. The hederagenin thus obtained can 
be purified by washing with a suitable solvent such as acetonitrile, ethanol, or the like, recrystallization, column chro- 
matography, thin-layer chromatography, etc. 
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Hederagenin has 3 functional groups, namely a carboxyl group and two hydroxy groups. Starting with hederagenin, 
the desired hederagenin derivative [1] can be produced by utilizing the differences in reactivity of these functional 
groups. 

Starting with hederagenin (the compound in which R 1 =OK R 2 =H t R 3 *=H), derivatives in 28-position (R 1 *OH, R 2 =H, 
5 R 3 =H) can be produced by the following "1 . Reaction of the carboxy". 

Starting with this derivative in 28-position, derivatives in 23- and 28-position (R VOH, R 2 =H, R 3 *H) can be pro- 
duced by the following "2. Reaction of the hydroxy in 23-position". 

Starting with a derivative in 23- and 28-position, derivatives in 3p-, 23- and 28-position (R^OH, R 2 *H, R 3 *H) can 
be produced by the following "3. Reaction of the hydroxy in 3p-position\ 
io Starting with a derivative in 28-position carrying a protective group in 28-position, derivatives in 23-position 
(R 1 =OH, R 2 =H, R 3 *H) can be produced by preparing a derivative in 23- and 28-position according to the following "2. 
Reaction of the hydroxy in 23-position" and, then, deprotecting in 28-position. 

Starting with a derivative in 23- and 28-position carrying a protective group in each of 23- and 28-positions, deriv- 
atives in 3p-position (R 1 =OH, R 2 *H, R 3 =H) can be produced by preparing a derivative in 3p-, 23- and 28-position 
75 according to the following "3. Reaction of hydroxy in 3p-position" and, then, deprotecting in the 23- and 28-position. 

Starting with a derivative in 23- and 28-position carrying a protective group in 28-position only, derivatives in 3p- 
and 23-position (R 1 =OH, R 2 *H, R 3 *H) can be produced by preparing a derivative 3p-, 23- and 28-position according to 
the following "3. Reaction of hydroxy in 3p-position" and, then, deprotecting in the 28-position. 

Starting with a derivative in 23- and 28-position carrying a protective group in 23-position only, derivatives in 3p- 
20 and 28-position (R 1 *OH, R 2 *H, R 3 =H) can be produced by preparing a derivative in 3p-, 23- and 28-position according 
to the following "3. Reaction of hydroxy in Sp-position" and, then, deprotecting in 23-position. 

Starting with hederagenin (R 1 «OH, R 2 =H, R 3 =H), derivatives in 3p-and 23-position (R 1 =OH, R 2 *H, R 3 *H) can be 
produced by the following "4. Reaction of dihydroxy in 3p-and 23-position". 

Starting with a derivative in 28-posrtion (R 1 *OH, R 2 =H, R 3 =H), derivatives in 3p-, 23- and 28-position (R 1 *OH, 
25 R 2 *H, R 3 * H) can be produced by the following "4. Reaction of dihydroxy in 3p- and 23-position n . 

1 . Reaction of carboxy 



(D 

30 




[wherein R 2 and R 3 are as defined hereinbefore. R 110 represents R 11 except hydrogen, X represents a leaving 
45 group such as halogen, e.g. chlorine, bromine, iodine, etc., alkylsulfoxy such as methanesulfoxy, and arylsulfoxy 
such as toluenesulfoxy.] 

By reacting carboxylic acid [3] with compound [4], ester [5] can be produced. This reaction can be generally 
conducted in the absence of a solvent or in the presence of an aprotic solvent (polar solvents such as acetonitrile, 
NjN^dimethylformamide (DMF), etc., ether series solvents such as tetrahydrofuran (THF), diethyl ether, etc., halo- 
so genated hydrocarbon series solvents such as chloroform, methylene chloride, etc., hydrocarbon series solvents 
such as benzene, toluene, n-hexane, etc., and mixtures of said solvents) in the presence of a base (e.g. potassium 
carbonate, sodium carbonate, sodium hydrogen carbonate, potassium hydrogen carbonate, pyridine, 4-dimethyl- 
aminopyridine, triethylamine, sodium hydride, etc.) at -20° to 100°C. The reaction time depends on the species of 
compound [3] and compound [4] and the reaction temperature used, but generally may suitably be 30 minutes - 24 
55 hours. The preferred proportion of compound [4] relative to compound [3] is 1-1 .2 molar equivalents. 
(2) 
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[wherein R 2 and R 3 are as defined above. R 111 represents unsubstituted alkyl] 

By reacting carboxylic acid [3] with an O-alkylating agent, ester [5]-can be produced. The O-alkylating agent 
that can be used includes diazoalkanes (e.g. diazomethane, diazoethane, etc.). trimethylsilyldiazomethane, and 
ortho-esters (ethyl orthoformate, ethyl orthoacetate, etc.), among others. This reaction can be generally conducted 
in the absence of a solvent or in an aprotic solvent such as the one mentioned above. The reaction temperature 
depends on the species of O-alkylating agent. Thus, the temperature range of -20° to 30°C is suitable for diazoal- 
kanes and trimethylsilyldiazomethane and the range of 100° to 200°C is suitable for ortho-esters. The reaction time 
which depends on the species of compound [3] and O-aikylating agent and the reaction temperature used, but the 
range of 1 minute to 24 hours is generally suitable. The preferred proportion of the O-alkylating agent relative to 
compound [3] is 1-1.2 molar equivalents. 
(3) 




[wherein R 2 , R 3 , and R 110 are as defined above. Y represents hydroxy or a leaving group, e.g. halogen such as 
chlorine, bromine, iodine, etc., alkoxy such as methoxy etc., aryloxy such as p-nitrophenoxy etc., alkylsulfoxy such 
as methanesulfoxy, etc., arylsulfoxy such as toluenesulfoxy etc., imidazolyl, alkylcarboxy, or arylcarboxy.] 
By reacting compound [6] with alcohol [7], ester [5] can be produced. 

Thus, ester [5] can be produced by reacting compound [6] (Y is not hydroxy but said leaving group), such as 
an acid halide (e.g. acid chloride, acid bromide, etc.), alkyl ester (e.g. methyl ester, ethyl ester, etc.), active ester 
(e.g. p-nitrophenyl ester, p-chlorophenyl ester, etc.), imidazolide, or mixed acid anhydride (e.g. mixed acid anhy- 
drides with monoalkyl carbonates, mixed acid anhydrides with alkyl phosphates) with alcohol [7] in a suitable man- 
ner or alternatively by condensing compound [6] (where Y is hydroxy) directly with compound [7] using a 
condensing agent (e.g. 1-ethyl-3-(3-dimethylamino-propyl)carbodiimide, dicyclohexylcarbodiimide, 2-chloro-N- 
methylpyridinium iodide, diphenylphosphoryl azide, diethylphosphoryt cyanide, triphenylphosphine-carbon tetra- 
chloride, etc.). 

When an acid halide is used, ester [5] can be produced by conducting the reaction in the same aprotic solvent 
as above in the presence of the same base as above at -20° to 100°C. The reaction time depends on the species 
of acid halide and the reaction temperature, but the range of 30 minutes to 24 hours is generally suitable. The pre- 
ferred proportion of alcohol [7] relative to the acid halide is 1-1 .2 molar equivalents. 

The acid halide can be prepared by reacting compound [6] (where Y is hydroxy) with a thionyl halide (e.g. thio- 
nyl chloride or thionyl bromide) in the absence of a solvent or in the same aprotic solvent as above and in the 
absence of a base or in the presence of the same base as mentioned above at -20° to 100°C. The reaction time 
depends on the species of acid halide and the reaction temperature, but the range of 30 minutes to 24 hours is gen- 
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erally suitable. The proportion of the thionyl halide should be at least equimolar to compound [6] (where Y is 
hydroxy) and can be a large excess, e.g. 10 molar equivalents or more. 

When a condensing agent is used, ester [5] can be produced by conducting the reaction in the same aprotic 
solvent as above and either in the presence of the same base as above or in the absence of a base at -20° to 
5 100°C. The reaction time depends on the species of condensing agent and the reaction temperature used but the 

range of 30 minutes to 24 hours is generally suitable. The preferred proportion of alcohol [7] and of the condensing 
agent relative to compound [6] (where Y is hydroxy) is 1-1.2 molar equivalents. 
(4) 
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[wherein R 2 , R 3 , R 11 , R 12 and Y are as defined hereinbefore.] 

By reacting Compound [6] with amine [8], amide [9] can be produced. 

Thus, amide [9] can be produced by reacting compound [6] (where Y is said leaving group except hydroxy), 

25 such as an acid hafide (e.g. actd chloride, actebromide. etc.), alky! ester (e.g. methyl ester, ethyl ester, etc.), active 
ester (e.g. p-nitrophenyl ester, p-chlbrophenyL ester, etc.), imidazolide, or mixed acid anhydride (e.g. mixed acid 
anhydrides with monoalkyl carbonates, mixed acid anhydrides with alkyl phosphates) with amine [8] in a suitable 
manner or alternatively condensing compound [6] (where Y is hydroxy) directly with compound [8] using a condens- 
ing agent (e.g. 1 -ethyl -3-(3-dimethylaminopropyl)carbodiimide, dicyclohexylcarbodiimide, diisopropylcarbodiimide, 

30 benzotriazol-1 -yl-tris(dimethylamino)phosphonium hexaf luorophosphide, diphenylphosphoryl azide. propanephos- 
phoric anhydride, etc.) in the presence or absence of an additive (e.g. N-hyroxysuccinimide, 1-hydroxybenzotria- 
zole, 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-triazine, etc.). 

When the acid halide is used, amide [9] can be produced by conducting the reaction in the same aprotic sol- 
vent as above in the presence of the same base as above at -20° to 100°C. The reaction time depends on the spe- 

35 cies of acid halide and the reaction temperature used, but the range of 30 minutes to 24 hours is generally 
preferred. The preferred proportion of amine [8] relative to the acid halide is 1 -1 .2 molar equivalents. 

When a condensing agent is used, amide [9] can be produced by conducting the reaction in the same aprotic 
solvent as above and in the presence or absence of the same base as above at -20° to 100°C. The reaction time 
depends on the species of condensing agent and the reaction temperature used, but the range of 30 minutes to 24 

40 hours is generally suitable. The preferred proportion of amine [8] and of the condensing agent relative to compound 
[6] (where Y is hydroxy) is 1-2 molar equivalents. The amine [8] can be used in excess so that it may function as 
the base as well. 

2. Reaction of hydroxy in 23-position 

45 

0) 
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15 

[wherein R 2 and X are as defined hereinbefore; R 10 represents R 1 except hydroxy; R 30 represents R 3 except hydro- 
gen.] 

By reacting 23-hydroxy compound [10] with compound [11], compound [12] (e.g. ether, ester, carbonic ester, 
20 carbamic ester, etc.) can be produced. This reaction can be generally conducted in the absence of a solvent or in 
the same aprotic solvent as above in the presence of the same base as above or in the absence of a base at -20° 
to 100°C. The reaction time depends on the species of compounds [10] and [11] and the reaction temperature 
used, but the range of 30 minutes to 24 hours is generally suitable. The preferred proportion of compound [1 1] rel- 
ative to compound [10] is 1-1.2 molar equivalents. 
25 (2) 



30 



35 




40 

[wherein R 10 is as defined hereinbefore; R 20 represents R 2 except hydrogen; R 4 and R 5 may be the same or dif- 
ferent and each represents alkyl that may be substituted, the substituent or substttuents being selected from among 
(1) halogen, (2) OR 6 , (3) OCOR 6 , (4) COOR 6 , (5) cyano, (6) NR 6 R 7 , (7) cycloalkyl, (8) aryl that may be substituted 
by halogen, alkyl, hydroxy, or amino, and (9) heteroaromatic groups that may be substituted by halogen, alkyl, 
45 hydroxy, or amino. R 6 and R 7 may be the same or different and each represents (1) hydrogen or (2) alkyl that may 

be substituted by hydroxy, alkoxy, amino, monoalkylamino, or di alkyl ami no.] 

By reacting 23-hydroxy compound [13] with a carbonylating agent and, then, with amine [23], carbamic acid 
ester [14] can be produced. 

The carbonylating agent that can be used includes carbonyldiimidazole, p-nitrochloroformates, etc. The pre- 
50 ferred proportion of the carbonylating agent and of amine [23] relative to compound [13] is 1-1 .2 molar equivalents. 

The other reaction conditions are similar to the conditions of the above reaction for producing compound [12] 
from compounds [10] and [1 1]. Amine [23] can be used in excess so that it may serve as the base as well. 

3. Reaction of hydroxy in 3p-position 

55 
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Me Me Me Me 




Me CHgOR 30 Me CH 2 0R 30 



15 



20 



25 



30 



[wherein R 10 , R 20 , R 30 , and X are as defined hereinbefore.] 

By reacting 3p-hydroxy compound [15] with compound [16], compound [17] (e.g. ether, ester, carbonic ester, 
and carbamic ester) can be produced. This reaction can be carried out in the same manner as the above reaction 
for producing compound [12] from compounds [10] and [1 1]. 
(2) 

Me Me Me Me 

|| [ | 1) Carbonylating agent fj^ 

~ ^corio 




COR 10 2 ) l*tfm [23] 



HO" 7\ ^ OA (15) 
Me CHgOR 30 




Me CHgOR 30 



[wherein R 4 , R 5 , R 10 , and R 30 are as defined hereinbefore.] 
35 By reacting hydroxy compound in 23-position [15] with the same carbonylating agent as above and, then, with 

amine [23], carbamic ester [18] can be produced. This reaction can be carried out in the same manner as the 
above-mentioned reaction for producing carbamic ester [14] from compound [13], carbonylating agent, and amine 
[23]. 

40 4. Reaction of dihydroxy in 3p- and 23-position 
(1) 



45 



SO 




[wherein R 1 is as defined hereinbefore.] 

By reacting 3p,23-dihydroxy compound [19] with the same carbonylating agent as above, 3p,23-carbonyldioxy 
compound [20] can be produced. This reaction is generally conducted in the absence of a solvent or in the same 
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aprotic solvent as above in the presence of the same base as above or in the absence of a base at -20° to 100°C. 
The reaction time depends on the species of compound [19] and carbonylating agent and the reaction temperature 
used, but the range of 30 minutes to 24 hours is generally suitable. The preferred proportion of the carbonylating 
agent relative to compound [19] is 1-1 .2 molar equivalents. 
(2) 



10 



15 



Me Me 




Me Me 



Me CHgOH 



COR 



1 (R 21 ) 2 0 C21] 




R 2] 0OC v " (22) 
Me GtyJR 21 



[wherein R 1 is as defined hereinbefore. R 21 represents acyl.] 

By reacting 3p f 23-dihydroxy compound [1 9] with carboxylic anhydride [21], 3p,23-diacyloxy compound [22] can 
be produced. This reaction can be generally conducted in the absence ofa solvent or in the sameaprotic solvent 
as above in the presence of the same base as above or in the absence of a base at -20° to 100°C. The reaction 
25 time depends on the species of compound [19] and carboxylic anhydride [21] and the reaction temperature used, 
but the range of 30 minutes to 24 hours is generally suitable. The preferred proportion of carboxylic anhydride [21] 
relative to compound [1 9] is 2-2.2 molar equivalents. 

i 

In case the starting compounds have substituents (e.g. amino, hydroxy, carboxy, etc.) which should not be involved 
30 in the above reactions (1)-(4), the starting compounds can be protected with benzyl, acetyl, tert-butoxycarbonyl, etc. by 
the per se known procedure before the contemplated reactions are conducted. After completion of the reaction in each 
case, the protective group or groups can be eliminated by the known procedures such as catalytic reduction, alkaline 
treatment, acid treatment, etc. 

When, in the compound obtained by any of the above reactions, R 11 t R 12 , R 2 or R 3 is halogen-substituted alkyl, 
35 halogen-substituted alkenyl, halogen-substituted alkinyl, or halogen-substituted cycloalkyl, the halogen can be con- 
verted, by the known process, to OR 13 (R 13 is as defined hereinbefore; J. Org. Chem., 44, 2307 (1979) etc.), OCOR 13 
(R 13 is as defined hereinbefore; Tetrahedron Lett., 1 972, 1 853 etc.). NR 13 R 14 (R 13 and R 14 are as defined hereinbefore; 
Org. Synth. V, 88 (1973) etc.), or cyano (J. Org. Chem., 2§, 877 (1960)). 

When the compound obtained by any of the above reactions has cyano, the group can be converted, by the known 
40 process, to COOR 13 (R 13 is as defined hereinbefore; Org. Synth., Ill, 557 (1955), Org. Synth. I, 27 (1941), etc.) or a 
heteroaromatic group such as triazinyl (Org. Synth. IV, 78 (1963)). 

When the compound obtained by any of the above-mentioned reactions has alkoxycarbonyl, the group can be con- 
verted, by the known process, to carboxy (Org. Synth., IV, 169 (1963), Org. Synth. IV, 608 (1963)). 

When the compound obtained by any of the above-mentioned reactions has carboxy, the group can be converted, 
45 by the known process, to alkoxycarbonyl (Org. Synth, ill, 381 (1955) etc.). 

When the compound obtained by any of the above reactions has hydroxy, the group can be converted, by the 
known process, to OR 13 (R 13 has the same meaning as defined hereinbefore but excluding hydrogen; J. Org. Chem., 
44. 2307 (1979) etc.) or OCOR 13 (R 13 is as defined above; Org. Synth., IV. 263 (1963), Org. Synth., VI, 560 (1988). 
When the compound obtained by any of the above reactions has amino, this group can be converted, by the known 
50 process, to NR 13 R 14 (R 13 and R 14 are as defined hereinbefore; Org. Synth., V, 88 (1973) etc.) or a heteroaromatic 
group such as pyrrole (Org. Synth., II, 219 (1943) etc.). 

The hederagenin derivative [1] having carboxy can be used as it is in the free carboxylic acid form for therapeutic 
purposes but it can be converted to a pharmaceutical^ acceptable salt by the known procedure and used as such. The 
salt that can be used includes alkali metal salts such as sodium salt, potassium salt, etc. and alkaline earth metal salts 
55 such as calcium salt. 

For example, the alkali metal salt of hederagenin derivative [1] can be obtained by adding one equivalent of sodium 
hydroxide, potassium hydroxide or the like to the carboxy-containing hederagenin derivative [1], preferably in an alco- 
holic solvent. 

The alkaline earth metal salt of hederagenin derivative [1] can be obtained by dissolving an alkali metal salt pre- 
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pared as above in water, methanol, ethanol, or a mixed solvent thereof and adcfing one equivalent of, for example, cal- 
cium chloride. 

The hederagenin derivative [1], either unsubstituted or having substituted amino, can be used as it is in the free 
amine form for therapeutic purposes but can also be used in the form of a pharmaceutically acceptable salt prepared 
5 by the known procedure. The salt that can be used includes salts with mineral acids such as hydrochloric acid, hydro- 
bromic acid, sulfuric acid, phosphoric acid, etc. and salts with organic acids such as acetic acid, citric acid, tartaric acid, 
maleic acid, succinic acid, fumaric acid, p-toluenesutfonic acid, benzenesulfonic acid, methanesulfonic acid, etc. 

For example, the hydrochloride of hederagenin derivative [1] can be obtained by dissolving the hederagenin deriv- 
ative [1], whether unsubstituted or having substituted amino, in an alcoholic solution of hydrogen chloride. 
io The compound [1] according to the present invention can be isolated in pure form from the reaction mixture by rou- 
tine fractional purification techniques such as extraction, concentration, neutralization, filtration, recrystaliization, col- 
umn chromatography, thin-layer chromatography, etc. 

The solvate (inclusive of hydrate) of the compound [1] or of the salt of the compound [1] also falls within the scope 
of the invention. The solvate can be obtained generally by recrystaliizing the solvation substrate from the corresponding 
75 solvent or a suitable mixed solvent containing the corresponding solvent. 

For example, the hydrate of compound [1] according to the present invention can be obtained by recrystaliizing the 
compound [1] of the invention from aqueous alcohol. 

The compound [1] according to the present invention may assume polymorphism. The polymorphs in such cases 
also fall within the scope of the invention. 
20 The present invention covers methods for treating nephritis which comprise administering an effective amount of 
the compound of formula [1] to human or other animals. 

Use of the compound of formula [1] in the manufacture of therapeutic drugs for nephritis also fails within the scope 
of the invention. " .- 

As demonstrated in the test examples presented hereinafter, the compound of the present invention has excellent 
25 mesangial cell proliferation inhibitory activity. Moreover, its toxicological potential is low. Therefore, the pharmaceutical 
composition of the present invention is of value as a very desirable therapeutic drug for nephritis and is effective in the 
treatment of chronic glomerulonephritis, especially proliferative glomerulonephritis, among various types of nephritis. 

For administration as a medicine, the compound of the present invention can be administered, either as it is or in 
the form of a pharmaceutical composition containing typically 0.1-99.5%, preferably 0.5-90%, of the compound in a 
30 medicinally acceptable nontoxic, inert carrier, to animals inclusive of humans. 

As the carrier, one or more of solid, semisolid or liquid diluent, filler, and other formulation auxiliaries can be 
employed. The pharmaceutical composition is preferably administered in unit dosage forms. The pharmaceutical com- 
position of the present invention can be administered intravenously, orally, into the tissue, locally (e.g. transdermal), 
or rectally. Of course, a dosage form suited for each route of administration should be used. Oral administration is par- 
35 ticularly preferred. 

The dosage for the pharmaceutical composition for the therapy of nephritis is preferably selected in consideration 
of patient factors, e.g. age and body weight, route of administration, nature and severity of illness, etc. Generally, how- 
ever, in terms of the active compound of the invention, the daily dose range of 0.1-1000 mg/human, preferably 1-500 
mg/human, is generally recommended for adults. 
40 Depending on cases, a lower dosage may be sufficient, while a higher dosage may be needed. The above daily 
dosage can be administered in 2-3 divided doses. 

BEST MODE OF CARRYING OUT THE INVENTION 

45 The following examples and test examples of the compound of the invention, and formulation examples of the phar- 
maceutical composition of the invention are intended to illustrate the present invention in further detail. 

Reference Example 1 

so Hederaaenin(3p.23-dihvdroxvolean-12-en-28-oic acid (compound No. 11 

Dried and ground pericarp of Sapindus mukorossi Gaertn. (6.0 kg) was extracted with 60 L of methanol at 70°C for 
2 hours twice and the extract was concentrated under reduced pressure at or below 50°C to provide 3.88 kg of a meth- 
anols extract. 

55 To 300 g of this methanolic extract was added 1500 ml of 2.5% (v/v) sulfuric acid-methanol and the mixture was 
ref luxed for 2 hours. After this hydrolysis, the reaction mixture was adjusted to pH 6-7 with 5% (w/v) potassium hydrox- 
ide-methanol and, with 90 g of activated, charcoal added, ref luxed for 0.5 hour. The resulting solution was filtered 
through a uniform bed of celite (2 g) and the filtrate was concentrated under reduced pressure to about 1/10 of the initial 
volume. To the residue was added 1 L of distilled water and washed under heating and, then, allowed to cool. The resid- 
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reduced pressure and the sediment was suction-futerec 



ua! methanol was distilled off undBFreduced pressure and the sediment was suction-filtered to provide crude hedera- 
genin. 

This crude hederagenin was washed with 1 L of acetohitrile twice and 80 ml of ethanol 3 times under heating to 
provide 11 .05 g of pure hederagenin as white powders. 
5 m.p. 317-320°C 



Elemental analysis for 
C3oH 48 0 4 -1/4H 2 0 


CaJcd. (%): 
Found (%): 


C, 75.51; 
C, 75.49; 


H, 10.24 
H, 9.94 



is IR (KBr) cm' 1 : 3455, 2946, 1698, 1464, 1389, 1038 
Reference Example 2 

Hederagenin sodium salt (sodiu m 3B.23-dihvdroxvolean-12-en-28-oatel 

20 

To the hederagenin (1.0 g) obtained in Reference Example 1 was added 1N-sodium hydroxide-methanol solution 
(2.1 ml) and the mixture was stirred at 50°C for 2 hours. This reaction mixture was filtered through filter paper to remove 
insolubles and the filtrate was concentrated to provide the title compound (934 mg). 
m.p. 315°C 



Elemental analysis for 
C 30 H 47 O 4 -Na*3H 2 O 


Calcd. (%): 
Found (%): 


C, 65.67; 
C. 65.71; 


H, 9.74 
H, 9.51 



35 

Example 1 

2-Acetoxvethvl 3B.23f4a)-dihvdro xvolean-12-en-28-oate (compound No. 2) 

40 To a solution of hederagenin (473 mg) in DMF (10 ml) was added 2-bromoethyl acetate (334 mg) followed by addi- 
tion of potassium hydrogen carbonate (200 mg) and the mixture was stirred at 50°C for 8 hours. This reaction mixture 
was filtered and concentrated under reduced pressure to remove DMF. The resulting oil was extracted with ethyl acetate 
and the extract was washed with saturated brine, dried over anhydrous magnesium sulfate (MgS0 4 ), and concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate:n-hexane = 1 :8) 

45 to provide the title compound (490 mg) as colorless crystals. 
m.p. 158°C 



Elemental analysis for C 34 H 54 0 6 


Calcd. (%): 
Found (%): 


C, 73.08; 
C, 72.90; 


H, 9.74 
H, 9.64 
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Example 2 

Benzyl 3B,23(4a)<lihydroxyo)ean-12-en-28-oate (compound No. 31 

Using benzyl bromide, the title compound was obtained by the similar method to the procedure of Example 1. 
m.p. 159°C 



to 



15 



Elemental analysis for 
C37H54O4 • VSHgO 


Calcd. (%): 
Found (%): 


C, 78.46; 
C t 78.50; 


H, 9.68 
H, 9.47 



Example 3 

20 2-Methoxyethyl 36.23(4g)>dihvdroxvolean>12-en.28-oate (compound No. 4) 

Using 2-bromoethyl methyl ether, the title compound was obtained by the similar method to the procedure of Exam- 
ple 1. 

m.p. 161°C 

25 



30 



Elemental analysis for 
C33H540 5 -1/4H 2 0 


Calcd. (%): 
Found (%): 


C, 74.05; 
C. 74.01; 


H, 10.26 
H, 9.92 



35 



40 



45 



SO 



Example 4 

2-Hydroxvethvl 36.23(4g)>dihvdroxvolean-12-en-28-oate (compound No. S) 

The compound (1 .0 g) obtained in Example 1 was dissolved in methanol (100 ml) followed by addition of aqueous 
sodium hydroxide solution (5 ml). After the mixture was refluxed at 80°C, methanol was removed. The residue was 
extracted with ethyl acetate and the extract was dried over anhydrous magnesium sulfate, filtered, and concentrated to 
provide the title compound as colorless crystals (880 mg). 
m.p. 237-238°C 



Elemental analysis for C32H52O5 


Calcd. (%): 
Found (%): 


C, 74.38; 
C, 74.06, 


H, 10.14 
H, 9.90 



55 Example 5 

3-Bromopropyl 3P,23(4a)-dihvdroxvolean-12-en-28-oate hydrochloride (compound No. 61 

Using 1 ,3-dibromopropane, the title compound was obtained by the similar method to the procedure of Example 1 . 
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Example 6 

3-N.N-di(2-hvdroxvethvnaminoDroDvl 3 B.23(4a)-dihvdroxvolean-12-en-28-oate (compound No. 7) 

The crystals (622 mg) obtained in Example 5 were dissolved in DMF (60 ml) followed by addition of diethanolamine 
(2 ml) and the mixture was stirred at room temperature for 24 hours. This reaction mixture was extracted with ethyl ace- 
tate and the extract was dried over anhydrous magnesium sulfate, concentrated, and purified by silica gel column chro- 
matography (ethyl acetate:n-hexane = 3:1). The crystals (580 mg) thus obtained were dissolved in 20% HCI-methanol 
(20 ml) and the mixture was stirred at room temperature for 30 minutes and concentrated to provide the title compound 
as coiorless crystals (572 mg). 
m.p. 267-268°C 



Elemental an 


alysis for 




C37H63N0 6 • HCI • 1/2H 2 0 




Calcd. (%): 


C, 66.99; 


H, 9.88; 


N, 2.11 


Found (%): 


C, 67.22; 


H, 9.40; 


N, 2.33 



Example 7-(1) 

N>f2-methoyvethvl)-3B.23(4g)-diacetoxvolean-12-en-28-amide (compound No. 8^ 

Step 1 3B.23f4a)-Diacetoxvolean-12>en- 28-oicacid 

Hederagenin (500 mg) was dissolved in pyridine (20 ml) followed by addition of acetic anhydride (2 ml) and the mix- 
ture was stirred at 80°C for 1 hour. To this was added 1 N HCI (5 ml) dropwise and the mixture was stirred for 10 minutes. 
This reaction mixture was extracted with chloroform (50 ml) three times and the extract was dried over anhydrous mag- 
nesium sulfate and the solvent was evaporated off. The residue was purified by silica gel column chromatography (n- 
hexane:ethyl acetate = 4:1) to provide the title compound (580 mg) as white solid. 

SteP_2 N-(2-methoxvethvlV3B.23(4a)-diacetoxvolean-1 2-en-28-amide 

To the compound (570 mg) obtained in Step 1 was added thionyl chloride (20 ml) and the mixture was stirred at 
70°C for 1 .5 hours. The unreacted thionyl chloride was distilled off under reduced pressure to give a yellow oil. This oil 
was dissolved in methylene chloride (50 ml) followed by addition of 2-methoxyethylamine (2 ml) and the mixture was 
stirred at room temperature for 12 hours. This reaction mixture was washed with 1 N HCI (50 ml) twice and the organic 
layer was dried over anhydrous magnesium sulfate. The solvent was then evaporated off to give a yellow solid. This 
product was purified by silica gel column chromatography (n-hexane:ethyl acetate =4:1 ^ 1:1) to provide the title com- 
pound (565 mg) as white solid. 

Example 7-(2) 

N-r2-methoxvethvl)-3B.23(4g)-diacetoxvolean-12-en-28-amide (compound No. 8^ 

Step 1 3B.23(4a^-diacetoxvolQan-12-en-28-oicacid 

Hederagenin (1 .2 g) was dissolved in pyridine (15 ml) followed by addition of acetic anhydride (4 ml) and the mix- 
ture was stirred at 70°C for 1 hour. To this reaction mixture was added 1 N HCI (30 ml) dropwise and the mixture was 
stirred for 10 minutes. The reaction mixture was extracted with ether (20 ml) three times and the extract was dried over 
anhydrous magnesium sulfate. The solvent was evaporated off and the residue was purified by silica gel column chro- 
matography (n-hexane:ethyl acetate = 5:1) to provide the title compound (1.35 g) as white solid. 

Step 2 N-f2-methoxvethvlV3B.23(4a^-diacetoxvolean-12-en-28-amide 

The compound (1 .2 g) obtained in Step 1 was added thionyl chloride (20 ml) and the mixture was stirred at 80°C 
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for 1 hour. The unreacted thionyl chloride was then distilled off under reduced pressure to give a yellow oil. To this oil 
was added 2-methoxyethylamine (330 mg) and the mixture was stirred at room temperature for 1 hour and then 
extracted with ether. The extract was washed with saturated brine and dried over anhydrous magnesium sulfate. The 
solvent was then evaporated off to provide the title compound (950 mg) as yellow solid. 

Example 8-(1) 

N>(2-methoxvethvl)-3B.2 3(4a>-dihvdroxvo!ean>12-en>28-amide (compound No. 9) 

The compound (155 mg) obtained in Example 7-(1) was dissolved in methanol (30 ml) followed by addition of 1N 
aqueous sodium hydroxide solution (10 ml) and the mixture was refluxed for 1 hour. The methanol was distilled off 
under reduced pressure and the residue was extracted with ethyl acetate (30 ml) three times. The extract was dried over 
anhydrous magnesium sulfate and the solvent was distilled off. The residue was crystallized from n-hexane/ethyl ace- 
tate to provide the title compound (140 mg) as white powders. 
m.p. 127-129°C 





Elemental analysis for C33H55NO4 •3/5H 2 0 


20 


Calcd. (%): 


C, 73.32; 


H, 10.48; 


N, 2.59 




Found (%): 


C, 73.21; 


H. 10.24; 


N, 2.85 



25 

Example 8-(2) 

N-(2'methoxvethYl)'3B.23f4a)-dihvdroxvolean-12-en-28-amide (compound No. 9) 

30 The compound (950 mg) obtained in Example 7-(2) was dissolved in methanol (35 ml) followed by addition of 1N 
aqueous sodium hydroxide (1 5 ml) and the mixture was stirred at room temperature for 1 hour. The methanol was then 
distilled off under reduced pressure and the residue was extracted with chloroform. The extract was dried over anhy- 
drous magnesium sulfate and the solvent was distilled off. The residue was recrystallized from ethyl acetate to provide 
the title compound (830 mg) as white crystals. 

35 m.p. 142-143°C 





Elemental analysis for C33H55NO4 •3/5H 2 0 


40 


Calcd. (%): 


C, 73.32; 


H, 10.48; 


N, 2.59 




Found (%): 


C, 73.14; 


H, 10.25; 


N, 2.91 



45 

Example 9 

An alternative process for producing N-(2-methoxvethvn-3B.23(4a)-dihvdroxvolean-12-en-28-amide (compound No. 9) 

so Hederagenin (100 mg), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (84 mg), 1 -hydroxy- 1H-ben- 
zotriazole (67 mg), and 2-methoxyethylamine (33 mg) were suspended in DMF (2 ml) and the mixture was stirred at 
50°C for 2 hours. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. 
The residue was extracted with ethyl acetate, washed with saturated brine and 1 N HCI, dried over anhydrous magne- 
sium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

55 (ethyl acetate:n-hexane = 1 :10 -> 1 :5 -» 1 :1) to provide the title compound as colorless crystals (92 mg). The physical 
data were in agreement with those obtained in Example 8-(2). 



15 



10 



ISP EP 0 767 177 A1 

Example 10 

N-(p-fluorophenyn-3B.23(4a>-diacetoxvolean>12- en-28-amide (compound No. 10) 

Using p-fluoroaniline, the title compound was obtained by the similar method to the procedure of Example 7-(1). 
Example 1 1 

N-(p-fluorophenyn>3B.23(4a)-dihvdroxvolean>12> en-28-amide (compound No. U) 

Using the compound obtained in Example 10. the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 
m.p. 216-217°C 

15 Example 12 

N-r2-(N,N<ii^thYlaminp)fithyll-30 I 23(4ft)-di^etQXYQl^an-12-^n-28-amide (compound Nq. 12) 

Using 2-(N,N-diethylamino)ethylamine, the title compound was obtained by the similar method to the procedure of 
20 Example 7-(1). 

Example 13 

N-r2-(N t N-diethylamino)ethvn>3B.23(4a)-dihvdr oxvolean-12-en>28>amide (compound No. 13) 



25 



Using the compound obtained in Example 12, the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 
m.p. 228-230°C 



30 



35 



Elemental analysis for C 36 H62N20 3 


Calcd. (%): 
Found (%): 


C, 75.74; 
C, 75.74; 


H, 10.95; 
K 10.82; 


N, 4.91 
N, 5.03 



Example 14 

40 

N-f2-(N.N-diethvlamino)ethvn-3B.23(4a)-dihvdroxvolean-l2-en-28-amide hydrochloride (compound No. 14) 

The compound obtained in Example 13 was dissolved in 20% HCI-methanol (20 ml) and the solution was stirred at 
room temperature for 30 minutes and then concentrated to provide the title compound. 
45 m.p. 263-265°C 



Elemental analysis for 




C36H 62 N 2 03 • HCI • 5/2H 2 0 




Calcd. (%): 


C, 66.28; 


H, 10.51; 


N, 4.29 


Found (%): 


C, 66.17; 


H, 10.30; 


N. 4.56 



55 
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Example 15 

N-f3-fN.N<li(2-hvdroxvethvl)aminoto^ (compound No. 15) 

5 Using 3-[N,N<li(2-hydroxyethyl)amino]propylamine, the title compound was obtained by the similar method to the 

procedure of Example 7-(1). 

Example 16 

10 N-f3-rN.N<li(2-hvdrox^ (compound No. 16) 

Using the compound obtained in Example 15, the title compound was obtained by the similar method to the proce- 
dure of Example 8-(l). 
m.p. 136-139°C 

15 



20 



Elemental analysis for C37H 64 N 2 05 • 1/2H 2 0 


Calcd. (%): 
Found (%): 


C, 71.00; 
C, 70.90; 


H, 10.47; 
H, 10.26; 


N, 4.48 
N ( 4.54 



25 Example 17 

N-f3-rN.N<li(2-hvdroxvethvnamino1propvn'3p.23(4a)<iihvdroxvolean-12-en-28-amide hydrochloride (compound No. 

m 

30 Using the compound obtained in Example 16, the title compound was obtained by the similar method to the proce- 
dure of Example 14. 
m.p. 195°C 



35 


Elemental analysis for 
C 3 7H64N205-HCI-5/3H 2 0 




Calcd. (%): 


C. 65.03; 


H, 10.08; 


N, 4.10 




Found (%): 


C, 65.01; 


H, 9.96; 


N, 4.19 



Example 18 

45 

N-ethwgarbQnyim^hyl~3B,g3(4fl)^iflcetQ^yQlean-ig"gn-g9-amidg (impound No, 19) 

Using glycine ethyl ester hydrochloride, the title compound was obtained by the similar method to the procedure of 
Example 7-(1). 

so 

Example 19 

N-carboxvmethvl»3p.23(4aVdihvdroxvolean-12-en-28-amide (compound No. 19) 

55 Using the compound obtained in Example 18, the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 
m.p. 187-190°C 
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Elemental analysis for C 32 H 51 N05 • 


4/5H 2 0 


5 


Calcd. (%): 


C, 70.63; 


H, 9.74; 


N, 2.57 




Found (%): 


C, 70.51; 


H, 9.38; 


N, 2.60 



10 

Example 20 

N-3thoxYpafoonY»m#hYl-^ (gp rnpound Nq. 20) 

75 The compound (1.1 g) obtained in Example 1 9 was dissolved in 1 7% HCI-ethanol (40 ml) and after 2 hours of heat- 
ing at 80°C the ethanol was distilled off under reduced pressure. The residue was extracted with chloroform, dried over 
anhydrous magnesium sulfate, concentrated, and purified by silica gel column chromatography (chlorofornrmethanol = 
9:1) to provide 1 .1 g of the title compound as colorless crystals. 
m.p. 129-132°C 

20 



25 



30 Example 21 

N-f3>methoxvca>t>onvlDroDvl)-3p.2 3(4a)<iiacetoxvolean-12-en-28-amide (compound No. 21) 

Using methyl 4-amino-n-butyrate hydrochloride, the title compound was obtained by the similar method to the pro- 
35 cedure of Example 7-(1). 

Example 22 

N-(3-carboxvDropvl)-3a.23f4aVdi hvdroxvolean-l2-en-28>amide (compound No. 22) 

40 

Using the compound obtained in Example 21 , the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 
m.p. 203°C 

45 



Elemental analysis for C34H55NO5 • H 2 0 


Calcd. (%): 
Found (%): 


C, 70.92; 
C, 71.14, 


H, 9.98; 
H, 10.01; 


N, 2.43 
N, 2.49 



Example 23 

55 

N-(3-ethoxvcarbonvlpropvn-3B.23(4a)-dihvdroxvolean-1 2-en-28-amide (compound No. 23) 

Using the compound obtained in Example 22, the title compound was obtained by the similar method to the proce- 
dure of Example 20. 



Elemental analysis for C34H55NO5 • 2/5H 2 0. 


Found (XJ** 


C, 72.29; 


«,95; 
H. 9.87; 


N; 2.48 /« 
N.2.61 . 
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Elemental analysis for C 36 H 5 9N05 • 3/10H 2 O 


Calcd. (%): 
Found (%): 


C, 73.13; 
C, 72.91; 


H, 10.16; 
H, 10.14; 


N/2.37 
N, 2.35 



10 



Example 24 

N-fg-cvanoBthvlV3B.23(4a>-diaceto xvolean-12>en-28-amide (compound No, 24) 

Using 3-aminopropionitriie, the title compound was obtained by the similar method to the procedure of Example 7- 
(1). TLC (Merck. Kieselgel 60 F 25 4. ethyl acetate:n-hexane « 1:1) Rf=0.lS 

Example 25 

N-(2>cvanoethvlV36.23f4<i^-dihvdro xvolean-12>en>28-amide (compound No. 25) 

Using the compound obtained in Example 24, the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 

Example 26 

N-p-te A^iamin Q -1.3.5-triazin^-^ (compound NO, 26) 

30 A suspension of the compound (550 mg) obtained in Example 25, dicyandiamide (210 mg) and potassium hydrox- 
ide (140 mg) in methylcellosolve (50 ml) were refluxed together by heating at 125°C for 2 hours. The solvent was then 
distilled off under reduced pressure and the residue was purified by silica gel column chromatography (chloroform -> 
chloroform:methanol = 9:1). The crystal crop was washed with hot water and collected in a funnel with a flat perforated 
plate to provide the title compound as colorless crystals. 

35 m.p. 214°C 



75 



20 



25 





Elemental analysis for C 35 H 56 N 6 0 3 • 3/2H 2 0 


40 


Calcd. (%): 


C, 66.11; 


H, 9.35; 


N, 13.22 


Found (%): 


C, 65.91; 


H. 9.16; 


N, 13.12 



45 

Example 27 

N-f3-methoxvpropvn-3B.23(4a^-diacetoxvolean- 12-en-28-amide (compound No. 27) 

so Using 3-aminopropyl methyl ether, the title compound was obtained by the similar method to the procedure of 
Example 7-(1). 

Example 28 

55 N-(3-methoxvproDvl)-3B.23(4a)-dihvdroxvolean-12-en-28-am ide (compound No. 28) 

Using the compound obtained in Example 27, the title compound was obtained by the similar method to the proce- 
dure of Example 8-(1). 
m.p. 83°C 
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Elemental analysis for C34H57NO4 • 1/4H 2 0 


Calcd. (%): 
Found (%): 


C, 74.48; 
C, 74.49; 


K 10.57; 
H, 10.36; 


N, 2.55 
N, 2.90 



10 

Example 29 

Benzyl 38-hvdroxv-23(4a)-benzvlolean>12-en-2 8-oate (compound No. 29) 

15 The compound (3.0 g) obtained in Example 2 was dissolved in DMF (40 ml) followed by addition of sodium hydride 
(60%, 552 mg), and the mixture was stirred at 0°C for 1 hour. To this reaction mixture was added benzyl chloride (1 .7 
g) and the mixture was stirred at room temperature for 2 hours. This reaction mixture was diluted with water and 
extracted with ethyl acetate and the extract was dried over anhydrous magnesium sulfate, filtered, and concentrated. 
The residue was purified by silica gel column chromatography (ethyl acetate :n-hexane = 1 :20) to provide the title com- 

20 pound (3.4 g). 

Example 30 

Benzyl 3Q>ethoxvcarbonvtmethvlcarbamovloxv-23f4aV benz vlotean-1 2-en-28-oate (com pound No. 30) 

25 

The compound (3.4 g) obtained in Example 29, carbonyldiimidazole (3.0 g) and pyridine (50 ml) were stirred 
together at 80°C for 20 hours. To this mixture was added glycine ethyl ester hydrochloride (4.3 g) and 4-dimethylami- 
nopyridine (3.8 g). then the mixture was stirred with heating at 80°C for 20 hours. It was then extracted and concen- 
trated to provide the title compound. 

30 

Example 31 

3B-EthoxYcarbonvlmethYlcarbamovloxv-23f4a)-hvdroxvolean-12-en-28-oic acid (compound No. 31) 

35 The compound obtained in Example 30 was dissolved in methanol (200 ml) followed by addition of 5% palladium- 
on-carbon (500 mg), and the mixture was stirred in a hydrogen atmosphere for 24 hours, filtered, and concentrated to 
provide the title compound. 
m.p. 196-197°C 

40 



Elemental analyisis for CssHssNOy • 1/4H 2 0 


Calcd. (%): 
Found (%): 


C. 69.33; 
C, 69.16; 


H. 9.23; 
H, 9.04; 


N, 2.31 
N, 2,33 



Example 32 

50 

Benzyl 33-(2-methoxvethyl)carbamovloxv-23(4a> benzylolean-12-en-28-oate (compound No. 32) 

Using 2-methoxyethylamine, the title compound was obtained as colorless crystals by the similar method to the 
procedure of Example 30. 

55 



BNSDOCID: <EP 0767177Al_l_> 



20 



EP 0 767 177 A1 

Example 33 

3B-{2-M9thpxy<^Yl)c^ qcifl (gpmpounfl Np. 33) 

Using the compound obtained in Example 32, the title compound was obtained as colorless crystals by the similar 
method to the procedure of Example 31 . 
m.p. 183-184°C (recrystallized from ethyl acetate) 



10 


Elemental analysis for C34H55NO6 




Calcd. (%): 


C. 71.17; 


H, 9.66; 


N, 2.44 




Found (%): 


C, 71.02; 


H, 9.61; 


N, 2.56 



IS 



Example 34 

20 3B.23(4aVCart>onvtdioxvolean-12>en>28 -oic acid (compound No. 34) 

Hederagenin (473 mg) was dissolved in pyridine (10 ml) followed by addition of carbonyldiimidazole (195 mg) and 
the mixture was heated at 50°C for 1 hour. This reaction mixture was extracted with ethyl acetate and the organic layer 
was washed with 1 N-hydrochloric acid, dried over anhydrous magnesium sulfate, and concentrated. The residue was 
25 purified by silica gel column chromatography (ethyl acetate:n-hexane = 1 :5) to provide the title compound (423 mg). 
m.p. 21 4-21 5°C 



30 



Elemental analysis for C^-tH^Os 


Calcd. (%): 
Found (%): 


C. 74.61; 
C. 74.36; 


H, 9.32 
H f 9.05 



35 



40 



45 



Example 35 

2-Acetoxyethyl 3B-23(4ft)-carbQnyldioxyolean-12-en>28>oat? (ppmppund No. 35) 

Using the compound obtained in Example 1, the title compound was obtained by the similar method to the proce- 
dure of Example 34. 
m.p. 112°C 



so 



Elemental analysis for C3 5 H 52 07 


Calcd. (%): 
Found (%): 


C, 71.89; 
C, 71.68; 


H, 8.96 
H, 8.86 



Presented below are the results of pharmacological tests demonstrating the usefulness of some representative 
examples of the compound according to the present invention. 

55 . 
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Test example 1 



Effect on anti-Thv-1 antibody nephritis in rats 



5 Anti-Thy-1 antibody-induced nephritis is a model of glomerulonephritis constructed by utilizing the reaction 

between the Thy-1 antigen occurring as a membrane protein of mesangial cells and the antibody to the antigen. In this 
model, injuries to mesangial cells and lesions associated with mesangial cell proliferation are found. While a large 
majority of types of chronic glomerulonephritis in human are those of proliferative glomerulonephritis which show 
mesangial cell proliferation and increases in mesangial matrix as cardinal pathologic features, anti-Thy-1 antibody 

10 nephritis is regarded as a model of this human proliferative glomerulonephritis, particularly mesangial proliferative 
nephritis [Ishizaki et al., Acta. Pathol. Jpn., 3& 1 191 (1986)]. 



(1) Experimental animals 
15 Rats were used. 

(2) Experimental materials 
Preparation of anti-Thy-1 antibody 

20 

Preparation of the antibody was carried out in accordance with the method of Ishizaki et al. referred to above. Thus, 
an adjuvant suspension of rat thymocytes was prepared and subcutaneously administered to rabbits for immunization. 
After two booster doses, the blood was collecte^Knd the^erum separated was subje^ed to inactivation and absorption «. 
to provide an antiserum (anti-Thy-1 antibody). ^ * r 

25 

(3) Experimental procedure 

A predetermined amount of the antiserum was injected intravenously from the tail vein of rats to induce nephritis. 
Starting the following day after injection, a suspension of the test drug was administered orally once a day for 7 days. 
30 On day 8 following the beginning of administration, the animals were sacrificed and the kidneys were removed. The kid- 
ney was fixed in 10% phosphate-buffered formalin and, in the routine manner, paraffin sections were prepared and 
stained with periodic acid-schiff stain for microscopy. For histopathological evaluation, the number of cells in the glomer- 
uli (mainly mesangial cells) in each tissue preparation was counted under a light microscope. Statistical analysis was 
performed by unpaired t-test. The results are shown in Table 1 . 



Table 1 



Histopathological findings of glomeruli 


Test drug 


Dose (mg/kg) 


n 


Number of mesangial 
cells a > 


Control Compound No. 1 


Distilled water 


6 


59.5±3.5 




100 


5 


48.2±1.6** 


Control Compound No. 2 


Distilled water 


6 


61.8±2.2 




100 


5 


50.9±1.3** 


Control Compound No. 9 


Distilled water 


5 


54.8±2.1 




100 


5 


45.8±0.7" 



a) Number of cells (mesangial cells) per glomerulus Mean ± standard error (the mean 
number of cells in the intact animal is 43) 

P<0.05, 
*\ P<0.01 



It is clear from the above results that the compound of the present invention has inhibitory effect on mesangial cell 
proliferation in rats with anti-Thy-1 antibody nephritis. 
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Test example 2 

Effect orv nephritis in MRL/lor mice 

The MRL/lpr mouse is a model of lupus nephritis in mice which spontaneously and secondarily develop proliferative 
glomerulonephritis due to autoimmune disease. Using this nephritis model, a 10-week long-term oral administration 
experiment with the test drugs was performed. 

( 1 ) Experimental animals 

MRL/lpr mice purchased from Jackson Laboratory and maintained in Nippon Shinyaku Co., Ltd. were used. 

(2) Experimental procedure 

A suspension of each test drug was administered orally once a day on 6 days per week from the age 8 weeks for 
10 weeks. During the administration period, the semi-quantitative test for urinary protein (regent strips) was performed. 
At the end of the administration period, the animals were sacrificed and the kidneys were removed. The kidney was 
fixed in 10% phosphate-buffered formalin and, in the routine manner, paraffin sections were prepared and stained with 
periodic acid-Schiff stain for microscopy. For histopathological evaluation, the glomerular lesions in each tissue prepa- 
ration were observed by light microscopy and graded according to the method of Berden (J. Immunology, 130. 1699- 
1705, 1983) and the incidence (%) of each grade was calculated for each group. Statistical analysis was performed by 
Mann Whitney's rank-sum test. The results are shown in Tables 2 t and 3. 

./"""*" ■ • • ■ 

Table-2. 



Incidence of proteinuria (at 10 weeks of administration) 


Test drug 


Dose (mg/kg) 


n 


Number with proteinuria of animals 










1+ 


2+ 


3+ 


4+ 


Control 


0 


12 


0 


0 


4 


1 


7 


Compound No. 1 


10 


13 


0 


7 


2 


1 


3* 


Compound No. 1 


30 


14 


3 


4 


0 


5 


2* 



-: negative, 
1+: 30-100 mg/dl, 
2+: 100-300 mg/dl, 
3+: 300-1000 mg/dl, 
4+: >1000 mg/dl, 
P<0.05 



40 



Table 3 



45 



50 



55 



Histopathological findings of glomeruli (the incidence of glomerular lesions) 


Test drug 


Dose (mg/kg) 


Incidence (%) of glomerular lesions 








1 + 


2+ 


3+ 


4+ 


Control 


0 


1 


14 


52 


25 


8 


Compound No. 1 


10 


3 


29 


57 


9 


2** 


Compound No. 1 


30 


3 


25 


63 


9 


0** 



no remarkable change, 
1+: slight change, 
2+: moderate change, 
3+: marked change, 
4+: extremely marked change, 
**: P<0.01 
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lat the compound of the present invention has inhibitory effects on urinary protein 
and progression of pathological changes of renal tissues in the MRLflpr mouse which is a model of lupus nephritis. 

Test example 3 

5 

Inhibitory effect on mesanaial cell proliferation in vitro 
(1) Experimental materials and methods 

10 Glomeruli were isolated from the rat kidney by the sieving method. Mesangial cells were obtained from isolated 
these glomeruli which were maintained in culture. The mesangial cells were seeded on the plate and. after 24 hours, 
an LPS (lipopolysaccharide)-stimulated macrophage culture supernatant (a solution containing growth factor) and the 
test drug were added and the plate was Incubated for 72 hours. The mesangial cells were fixed and stained with crystal 
violet and the absorbance was measured. The inhibitory activity of the mesangial cell proliferation of the test compound 

is was evaluated in relative inhibition rate (%) in comparison with the absorbance of the control obtained under the same 
culture conditions. The results are shown in Table 4. 



Table 4 



The inhibitory activity of mesangial cell proliferation in 
vitro 


Test drug 


Dose (ixg/ml) 


Inhibition rate (%) 


Compound No. 2 


10 


57.9 


Compound No. 9 


10 


43.3 



It is clear from the above results that the compound of the present invention has inhibitory activity of mesangial cell 
30 proliferation in vitro. 

Test example 4 
Acute toxicity 

35 

A suspension of the test drug was administered orally in a dose of 2 g/kg to mice and the animals were observed 
for general condition up to 1 week later. Compound No. 1 and the compound No. 9 were examined. 
As a result, no death was encountered, nor was there any abnormal findings, in any dose group. 

40 Formulation Example 1 

Tablets (oral tablets) 

In 80 mg per tablet 

45 



Compound of compound No. 1 


5.0 mg 


Corn starch 


46.6 mg 


Crystalline cellulose 


24.0 mg 


Methylcellulose 


4.0 mg 


Magnesium stearate 


0.4 mg 



55 

The above mixed powder is compressed to provide oral tablets. 
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Formulation Example 2 
Tablets (oral tablets! 
5 In 80 mg per tablet, 

10 
15 

The above mixed powder is compressed to provide oral tablets. 
Formulation Example 3 
20 Tablets (oral tablets! 

In each 80 mg per tablet, 



Compound of compound No. 2 


5.0 mg 


Corn starch 


46.6 mg 


Crystalline cellulose 


24.0 mg 


Methylcellulose 


4.0 mg 


Magnesium stearate 


0.4 mg 



25 



30 



Compound of compound No. 9 


5.0 mg 


Corn starch 


46.6 mg 


Crystalline cellulose 


24.0 mg 


Methylcellulose 


4.0 mg 


Magnesium stearate 


0.4 mg 



The above mixed powder is compressed to provide oral tablets. 
35 INDUSTRIAL APPLICABILITY 

As described above, the compound of the present invention has excellent mesangial cell proliferation inhibitory 
activity, and showing efficacy in animal models of nephritis and being low in toxicity, it is useful for the therapy of nephri- 
tis. 



40 



45 



Claims 

1. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative of the follow- 
ing formula [1] or a pharmaceutical^ acceptable salt thereof, or a solvate of either of said derivative and salt, as an 
active ingredient. 



roc inc 
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wherein R 1 represents OR 1 1 or NR 1 1 R 12 . R 1 1 and R 12 may be the same or different and each represents (1 ) hydro- 
gen, (2) alkyl that may be substituted, (3) cycloalkyl that may be substituted, (4) alkenyl that may be substituted, (5) 
alkinyl that may be substituted, (6) aryi that may be substituted, or (7) a heteroaromatic group that may be substi- 
tuted. 

5 R 2 and R 3 may be the same or different and each represents (1) hydrogen, (2) alkyl that may be substituted, 

(3) cycloalkyl that may be substituted, (4) alkenyl that may be substituted, (5) alkinyl that may be substituted, (6) 
acyl that may be subsituted, (7) monoalkylcarbamoyl that may be substituted, (8) dialkylcarbamoyl that may be sub- 
stituted, or (9) alkoxycarbonyl that may be substituted, or R 2 and R 3 taken together represents carbonyl. 



io 2. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative or a pharma- 
ceutical^ acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein sub- 
stituents for R 11 , R 12 R 2 , R 3 are respectively selected from among (1) halogen, (2) OR 13 , (3) OCOR 13 , (4) 
COOR 13 , (5) cyano, (6) NR 13 R 14 , (7) cycloalkyl, (8) aryl that may be substituted by halogen, alkyl, hydroxy, or 
amino, and (9) heteroaromatic groups that may be substituted by halogen, alkyl, hydroxy, or amino; 

15 wherein R 13 and R 14 may be the same or different and each represents (1) hydrogen or (2) alkyl that may 

be substituted by hydroxy, alkoxy, amino, monoalkylamino, or dialkylamino. 

3. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
tical ly acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is 
20 hydroxy, acyloxyalkoxy, phenylalkoxy, alkoxyalkoxy, hydroxyalkoxy, haloalkoxy, di(hydroxyalkyl)aminoalkoxy, 
(alkoxyalkyl)amino, halogen-substituted phenylamino, (dialkylaminoalkyl)amino, [di(hydroxyalkyl)ami- 
noalkyljamino, (carboxyalkyl)amino, (alkoxycarbonylalkyl)amino, (cyanoalkyl)amino, or diamino-substituted triazi- 
nylalkylamino. R 2 is hydrogen, and R 3 is hydrogen. 

25 4. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
tical^ acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is 
hydroxy, (alkoxyalkyl)amino. halogen-substituted phenylamino, (dialkylaminoalkyl)amino. [di(hydroxyalkyl)ami- 
noalkyl]amino, (alkoxycarbonylalkyl)amino, or (cyanoalkyl)amino, R 2 is acetoxy, and R 3 is acetoxy 

30 5. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
tical^ acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is phe- 
nylalkoxy, R 2 is hydroxy, (alkoxycarbonylalkyl)carbamoyl. or (alkoxyalkyl)carbamoyl, and R 3 is phenylalkyl. 

6. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
35 tically acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is 

hydroxy, R 2 is (alkoxycarbonylalkyl)carbamoyl, or (alkoxyalkyl)carbamoyl, and R 3 is hydrogen. 

7. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
tical^ acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is 

40 hydroxy or acyloxyalkoxy, and R 2 and R 3 taken together is carbonyl. 

8. A pharmaceutical composition for the therapy of nephritis which comprises a hederagenin derivative, a pharmaceu- 
tically acceptable salt thereof, or a solvate thereof, as an active ingredient as claimed in Claim 1 wherein R 1 is 
hydroxy, 2-methoxyethylamino, or 2-acetoxyethoxy, R 2 is hydrogen, and R 3 is hydrogen. 

45 

9. A pharmaceutical composition for the therapy of chronic glomerulonephritis which comprises a hederagenin deriv- 
ative or a pharmacologically acceptable salt thereof, or a solvate thereof, which is defined in Claims 1 through 8 as 
an active ingredient. 



so 10. A pharmaceutical composition for the therapy of proliferative glomerulonephritis which comprises a hederagenin 
derivative or a pharmacologically acceptable salt thereof, or a solvate thereof, which is defined in Claims 1 through 
8 as an active ingredient. 

11. The hederagenin derivative, pharmaceutical^ acceptable salt thereof, or solvate thereof, which is defined in Claim 
55 1 exclusive of the following cases (1)-(5). 

(1) the case in which R 1 is hydroxy or methoxy, R 2 is hydrogen, and R 3 is hydrogen, acetyl, or methyl; 

(2) the case in which R 1 is hydroxy and each of R 2 and R 3 is formyl, acetyl, or benzoyl; 

(3) the case in which R 1 is methoxy, R 2 is acetyl, and R 3 is hydrogen, acetyl, or methyl; 
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(4) the case in which R 1 is methoxy, R 2 is benzoyl, and R 3 is hydrogen or benzoyl; 

(5) the case in which R 1 is methoxy, R 2 is methyl, and R 3 is hydrogen or methyl. 

12. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 1 1 wherein substituents 
5 for R 11 , R 12 , R 2 and R 3 are respectively selected from among (1) halogen, (2) OR 13 , (3) OCOR 13 . (4) COOR 13 , 

(5) cyano, (6) NR 13 R 14 , (7) cycloalkyl, (8) aryl that may be substituted by halogen, alkyl, hydroxy, or amino, and (9) 
heteroaromatic groups that may be substituted by halogen, alkyl, hydroxy, or amino; 

where R 13 and R 14 may be the same or different and each represents (1) hydrogen or (2) alkyl that may be 
substituted by hydroxy, alkoxy, amino, monoalkylamino, or dialkylamino. 

10 

13. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 11 wherein R 1 is 
hydroxy, acyloxyalkoxy, phenylalkoxy, alkoxyalkoxy, hydroxyalkoxy, haloalkoxy, di(hydroxyalkyl)aminoalkoxy, 
(alkoxyalkyl)amino, halogen-substituted phenylamino, (dialkylaminoalkyl)amino, [di(hydroxyaIkyt)arni« 
noalkyl]amino, (carboxyalkyl)amino, (alkoxycarbonylalkyl)amino, (cyanoalkyl)amino, or diami no-substituted triazi- 

15 nylalkylamino, R 2 is hydrogen, and R 3 is hydrogen. 

14. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 11 wherein R 1 is 
hydroxy, (alkoxyalkyl)amino, halogen-substituted phenylamino, (dialkylaminoalkyl)amino, (di(hydroxyalkyl)ami- 
noalkyl]amino, (alkoxycarbonylalkyl)amino. or (cyanoalkyl)amino, R 2 is acetoxy, and R 3 is acetoxy. 



15. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 1 1 wherein R 1 is pheny- 
lalkoxy, R 2 is hydroxy, (alkoxycarbonyialkyl)carbamoyl, or (alkoxyalkyl)carbamoyl, and R 3 is phenyfalkyl. 

16. The hederagenin derivative, pharmaceutical ly acceptable salt, or solvate claimed in Claim 11 wherein R 1 is 
25 hydroxy, R 2 is (alkoxycarbonylalkyl)carbamoyi, or (alkoxyalkyl)carbamoyl. and R 3 is hydrogen. 

1 7. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 1 1 wherein R 1 is hydroxy 
or acyloxyalkoxy, and R 2 and R 3 taken together is carbonyl. 

30 1 8. The hederagenin derivative, pharmaceutical^ acceptable salt, or solvate claimed in Claim 1 1 wherein R 1 is 2-meth- 
oxyethylamino or 2-acetoxyethoxy, R 2 is hydrogen, and R 3 is hydrogen. 

19. A method of treating nephritis which comprises administering an effective amount of a hederagenin derivative or a 
pharmaceutical^ acceptable salt thereof or a solvate thereof as defined in Claim 1 to an animal inclusive of human. 

35 

20. Use of a hederagenin derivative or a pharmaceutical^ acceptable salt thereof or a solvate thereof as defined in 
Claim 1 for the manufacture of therapeutic drugs for nephritis. 
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